We assessed the association of lifestyle factors with white blood cell (WBC) count in 3681 Japanese male office workers aged 35-59 years.
Introduction
Epidemiological evidence is accumulating that increased white blood cell (WBC) counts correlate well with risk factors for coronary heart disease (CHD), subclinical atherosclerosis and the occurrence of CHD [1, 2] . Because some features of low-grade inflammation, such as glucose intolerance and dyslipidaemia, are identical to the components of the metabolic syndrome [2] , characterized by insulin resistance, subclinical inflammation could be an expression of the metabolic syndrome.
Although smoking is strongly associated with increases in WBC counts [3, 4] , little is known about the association between WBC count and other lifestyle factors. To promote primary prevention of CHD at the workplace, the evaluation of lifestyle factors related to WBC count in the stage of primary prevention is considered to be important. Because WBC count is commonly performed as a clinical laboratory test, we examined the association of lifestyle factors with WBC count in a large populationbased sample of Japanese male office workers.
Methods
Subjects for this study were 3681 Japanese men aged 35-59 years who participated in annual health examinations at 'A Corporation', one of the biggest building contractors in Japan, in 1994. Details of the study design and population characteristics are available in an earlier report [3] . Briefly, all the participants were white-collar workers, most with professional occupations, and no one was acutely ill. We considered the return of selfadministered questionnaires signed by the subjects to imply their consent to participate in the study. The WBC count was measured on a sample of venous whole blood by a Sysmex E-4000 autoanalyser (Toa Medical Electronics Co. Ltd, Tokyo, Japan) at FALCO Biosystems Tokyo Ltd (Tokyo, Japan). The body mass index (BMI) was used as a measure of overall obesity and was calculated as body weight/height 2 (kg/m 2 ). Data on lifestyle were obtained by interview [3, 5, 6] . Selected items of lifestyle for this study were as follows: overall obesity, alcohol intake, cigarette smoking, eating breakfast, nutritional balance, physical exercise and hours of work. Alcohol intake was evaluated as usual weekly intake of alcohol and converted to grams of ethanol per day.
Statistical analyses
Age and lifestyle factors were treated as a three-level categorical variable. One-way analysis of variance (ANOVA) was used to analyse the statistical differences of WBC count according to age and lifestyle factors. Mean difference in WBC count compared with the reference was estimated by using the coefficients from multiple linear regression analyses.
Data were analysed using the SPSS/PC statistical package (SPSS, Chicago, IL). All reported P-values are two-tailed and those <0.05 were considered to be statistically significant. Table 1 shows means and differences of WBC count in relation to age and lifestyle factors. Tests for differences in WBC count across lifestyle factors were significant (P < 0.001 for all, ANOVA) and the WBC count showed a linear trend related to overall obesity, cigarette smoking, eating breakfast, nutritional balance, physical exercise and hours of work. From multiple linear regression analyses, overall obesity, alcohol intake, cigarette smoking, nutritional balance and hours of work remained as statistically significant factors associated with WBC count. The WBC count increment showed a positive dose-response relationship with overall obesity and cigarette smoking. On the other hand, the WBC count increment showed a negative dose-response relationship with alcohol intake, nutritional balance and hours of work.
Results

Discussion
We found an independent positive association of WBC count with poor lifestyle factors, including overall obesity, cigarette smoking and nutritional balance. On the other hand, the WBC count showed an independent negative relationship with alcohol intake and hours of work. Our results demonstrate that lifestyle factors may exert an important effect on WBC count. Recently, considerable interest has been focused on the relationship between inflammation and the metabolic syndrome, which is characterized by insulin resistance accompanied by a cluster of risk factors for CHD (i.e. obesity, glucose metabolism disturbances, abnormal lipids and high blood pressure) [2] . A central role has been attributed to the pro-inflammatory cytokines [7] . Interleukin (IL)-6 has been shown to be released by adipose tissue and this release is greater in obese subjects [4, 8] . Modest alcohol consumption is known to inhibit production of IL-6, or its action on hepatocytes [4] and to suppress production of tumour necrosis factor-α (TNF-α), by monocytes, probably by suppressing post-transcriptional TNF-α production [9] . Essential fatty acids, such as fish oil and α-linolenic acid, also reduce IL-6 synthesis by suppressing production of the monocyte-derived cytokines [4] . In addition, smokingpresumably because of its inflammatory impact on lung tissue-promotes leukocytosis and WBC serves as a biomarker for smoking [3, 4] . Because WBCs are increased by cytokines, especially IL-6 [10] , the increased WBC count could be due to the presence of a subclinical inflammatory reaction. Considering the firm association between WBC count and lifestyle factors such as overall obesity, cigarette smoking, alcohol intake and nutritional balance, healthy lifestyles, such as less overall obesity, avoiding smoking, appropriate alcohol consumption and eating a nutritionally balanced diet, may play an important role in the prevention of the metabolic syndrome.
In this population, the 24 h energy expenditure was calculated to quantify the physical activity of participants [6] . The 24 h energy expenditure was 2342 kcal/day [standard deviation (SD) = 290] for those who worked ≤8.0 h per day, 2449 kcal/day (SD = 286) for those who worked 8.1-9.9 h per day and 2542 kcal/day (SD = 286) for those who worked ≥10.0 h per day (P < 0.001, ANOVA). The negative association of WBC count with long working hours might be indirectly mediated through the suppression of a subclinical inflammatory reaction related to high physical activity. However, further research is needed to establish whether working long hours of overtime, as well as other lifestyle factors, affects WBC count independently.
In conclusion, our data indicate that WBC count is closely associated with lifestyle factors. Although the cross-sectional study design does not permit identification of causal relationships, our results might provide one explanation for the association between lifestyle and the risk of CHD.
